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FREEZING POINT DEPRESSION IN L F i  SYSTEMS 

By W .  D. English, W.  A. Cannon and W. E. Crane  

Astropower Laboratory,  McDonnell Douglas Corporation 
Newport Beach, California 

INTRODUCTION 
In some test  p rog rams  at  Douglas using liquid fluorine and liquid hydrogen, 

we found it  was desirable  to lower the freezing point of fluorine without appreciably 
affecting i t s  chemical reactivity. The use  of a eutectic mixture  with another cryo- 
genic oAdizer seemed the method of choice, and consideration of physical and chemi- 
cal  properties led us to  select  oxygen difluoride, OF2, f o r  the other  component. 
Oxygen was also suggested, but was not used because of reports  of the  quenching 
effect  oxygen has on the fluorine-hydrogen reaction (Reference l ) ,  an effect  we also 
found in our  research on the ignition of the L F  
and which has also been reported in the OF2-l$-reaction (Reference 3). LO2 was 
therefore  dropped f rom fur ther  consideration. 

I 

’ ,  

LHz reaction in LH2 (Reference 2 )  

Theoretical calculations of the freezing point depression in the F2-OF2 sys- 
t em were ca r r i ed  out. 

THEORETICAL 

assume several  general forms  according t o  the  nature  of the components (Reference 
4); these forms  may be classified a s  follows: 

These suggested that experimental  investigation was warranted. 

The equilibrium o r  phase d iagram of a two-component solid-liquid system may 

1. Eutectic Systems 

a. Simple eutectic 
b. 
c. 
d. 

Monotectic (special  fo rm of simple eutectic) 
Compound formation with congruent melting point 
Compound formation with incongruent melting point 

2. Completely Miscible Solid Solutions 

a. Continuous solid solution 

c. Maximum melting solid solution 

\> 
b. Minimum melting solid solution r, / 

3. Part ia l ly  Miscible Solid Solutions 

a. Per i tect ic  solid solution 
b. Eutectic solid solution 

\\ 

1 
In o rde r  for  nonpolar compounds to  f o r m  solid solutions, the following condi- 

1 tions must  generally be satisfied: 

1. h a l o g o u s  chemical constitutions 
2. Similar crystal  s t ructures  
3. Nearly equal molecular volumes 

While little is known of the crystal  s t ruc tu res  of F 2  and OF2, it is certain that 

, , conditions 1 and 3 a r e  not satisfied,  and it is unlikely that solid solutions will form. 
Fur thermore ,  t he re  is no h o w n  tendency toward compound formation between OF2 
and F2. Thus simple eutectic o r  monotectic sys tems a r e  probable - -  and the la t te r  

) a r e  rarely encountered. ’ 
\ 

i 
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If i t  i s  assumed that the  sys t em would be a s imple eutectic, with the solution 
of each component in the o ther  obeying Raoult 's Law, and the liquidus curves con- 
forming to equations for  ideal  solutions, the  following considerations will apply: 

F rom the Clausius-Clapeyron equation it can be shown that for  equilibrium 
between solid solvent and vapor ,  at constant p r e s s u r e ,  

d J n P s  LS 

RT' 
___ - -  

d T  - 

F o r  an equilibrium between liquid and vapor, the corresponding equation is 

I 

d t n P L  - Le - -  
R T ~  dT - 

If it i s  assumed that the equations hold fo r  supercooled solution in contact with solid, 
then 

At the freezing point of the  solution, the vapor p r e s s u r e  of the solid solvent must 
equal that of the solution, hence 

d h ( P  / PL) Lf 

~ - RT' d T  

Since Pl/PL = X 
then 

(mole fract ion of solvent in solution) if Raoul t ' s  Law i s  applicable, 1 

If th i s  i s  integrated between T and T (where X1 = 1) 
0 

where  T is the  freezing point of the  solution at solvent concentration XI. 
a s s u m e s  that Lf  i s  independent of tempera ture ,  which is not s t r ic t ly  t rue,  but this 
approximation was used, s ince  the normal  variation of Lf with tempera ture  would in- 
c r e a s e  the freezing point depress ion  in  contrast  to the rea l  nonideality of the solu- 
t ions,  which tends to d e c r e a s e  the depression. 

This  

Using the las t  equation, the  freezing point, T,  was calculated for  various 
concentrat ions of F in OF2 and O F  in F2. 
the heat of fusion o k F 2  (Reference  6. N o  value for  the heat of fusion of OF2 could 
be found in the l i t e r a tu re ,  s o  i t  was  est imated that the entropy of fusion was 6. 5 ,  
which impl ies  a heat fusion of 320 cal /mole.  

A value of 122 ca l /mole  was used for 

This  value was used for  the calculations 
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involved f o r  constructing the  phase diagram. 
39OK a t  an F2 mole fraction of 0. 65 resulted.  

A minimum freezing tempera ture  of 

Solid fluorine is reported to undergo a transit ion a t  45. 55OK with a heat of 
transit ion of 173. 9 ca l /mole  (Reference 5). Inasmuch a s  the solid fluorine can exist 
in two f o r m s  above the predicted eutectic tempera ture ,  the  equilibrium diagram be- 
comes m o r e  complicated. 
value of 1 2 2  cal /mole a s  the heat of fusion of fluorine until t h e  t ransi t ion tempera ture  
was reached, after which the liquidus curve was assumed to  undergo a change in 
slope corresponding to the heat of fusion plus the heat of transit ion.  
continued to  meet the  OFZ- rich liquidus curve leading to a theoret ical  minimum 
freezing point of 40°K at  0. 54 mole fraction F2. 

The theoret ical  phase d iagram was  recalculated using a 

This  curve was 

xAPPARATIJS 

A Pyrex  apparatus  was designed and built f o r  this experiment. It i s  i l lustrated 
in  F igures  1 and 2. , It consis ts  of a central  volume for the tes t  chamber ,  fitted with 
inlet tubing, a solenoid operated s t i r r e r ,  and a thermowell. The central  tube is s u r -  
rounded. by several  annuli a r ranged  concentrically in the following o rde r  - -  an annulus 
in.which the p re s su re  can be controlled to control heat t ransfer  r a t e s ,  an annulus f o r  
liquid helium to cool ' the  fluids in ' t es t ,  an evacuated annulus, an annulus for  liquid 
nitrogen (heat shield) and another evacuated annulus. 
si lvered e'xcept for s t r ips  for  observation of the  interior.  

The evacuated annuli were  

Liquid helium i s  supplied to the cooling bath f rom 25 l i t e r  t ranspor t  Dewars 
connected to the apparatus  b.y insulated lines. .Liquid nitrogen was  poured into the 
heat shield when needed. 

Temperatures  were  measured  with a copper-constantan thermocouple inserted 
in the thermowell with an external reference junction at.liquid nitrogen temperature .  
Thermoelectr ic  potentials were  measured  with a Grey  type E-3067 potentiometer 
and tempera tures  es t imated f r o m  the tables and data  of Powell, Bunch, and Corruc-  
cini (Reference 6). The thermocouple calibration was checked against  boiling liquid 
nitrogen and hydrogen a s  fixed points. 
constantan i s  about 12. 1 microvol ts  p e r  degree.  
o r  better for  the potentiometer,  the sensit ivity of tempera ture  reading i s  about 0. 4O. 

At 50°K the  thermoelectr ic  emf for  copper- 
With a sensitivity of 5 microvol ts  

M A T E R I A 4  , 

The oxidizers tes ted were  obtained in the gaseous s ta te  f r o m  commercial  
Fluorine supplied by Air Products  and Chemicals was passed over  an suppliers.  

NaF absorption scrubber  to  reduce the H F  content to  0 . 0 2  vol 70. 
supplied by Allied Chemical Division of General  Chemical was  a l s o  t rea ted  with NaF 
to remove HF. 

PROCEDURE 

The quantities of f luorine and oxygen difluoride were  measured  by volume in 
the liquid state;  -weights were calculated f r o m  reported (References 7 and 8) densi-  
t ies .  A glass  ampul of calibrated volume was attached t o  the oxidizer supply mani- 
fold. The system was  evacuated, the  measuring apparatus  and the ampul were 
chilled with LNZ to 77OK, . the tes t  apparatus  was valved off, and t h e  oxidizer supply 
was valved open. When suffjcient oxidizer had condensed in the ampul ,  the  supply 
was shut off, the l ine to  the tes t  unit was valved open, and the  LN2 was removed 
f r o m  around the ampul,  causing the oxidizer to  disti l l  into t h e  test apparatus.  
distillation was complete,  the ampul was valved off. 

Oxygen difluoride 

When 
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After  condensation of oxidizer was complete,  the solenoid s t i r r e r  was  acti-  
vated,  liquid helium was  supplied to  the  cooling bath, and the p r e s s u r e  in the heat- 
t r a n s f e r  annulus adjusted to  attain a cooling ra te  of about 1°K/minute. The emf of 
the  thermocouple was continuously monitored, and the value recorded at 30 second 
intervals .  
ment.  

t u r e s  of F 2  and OF2. The recorded thermocouple p o t e n t i s s  were converted to  tem-  
pe ra tu res  f rom which cooling curve graphs ( temperature  vs. t ime)  were  plotted for 
each solution concentration. Tempera tures  at which 
b reaks  in  the curves occur red  were  identified, and these  were plotted on a tempera-  
t u r e  vs.  concentration,graph to  provide a typical phase d iagram (Figure  4). 
d a t a  used f o r  plotting the phase  d iagram a r e  tabulated in Table I. 

RESULTS AND DISCUSSION 

The appearance of the oxidizer was observed visually during t h e  experi-  

The experiments  w e r e  conducted with F2, with O F  and with several  mix- 

Figure 3 i s  a typical example. 

The 

It was  determined tha t ;  within the accuracy  of the experiments ,  the  binary 
sys t em F 
rine-rich$;qui$us curve  due to  a solid phase t ransi t ion at 45 2 0. 5OK. 
of t h e  tempera ture  measu remen t s  was  t 0. 5OK. 
cu rves  were  plotted and extrapolated to the i r  intersect ion (the eutect ic) ,  t h e  e r r o r  
i n  composition was -f 2 m o l e  %. 
through the  experimental  points. The e r r o r s  in quantit ies of components used a r e  
believed to  be considerably l e s s  than these.  
to be 4 3  ? 0. 5OK and. the eutectic composition 0. 59 -f 0. 02  mole fraction fluorine. 

O F  exhibited typical eutectic formation with a probable break  in the fluo- 
The accuracy 

When the  temperature-composi t ion 

This  variation i s  indicated on the graphs by the bars 

The eutectic tempera ture  i s  estimated 

TABLE I 

OBSERVED FREEZING POINTS - -  O F  LF2 MIXTURES 

Initial 
Mole yo F. P. 

F2 OK 

1. 100.0 53. 0 
2. 80. C 48. 3 
3. 69. 5 
4. 46. 0 45. 6 
5. 28. 0 4L.8 
6. 0 49. 2 

T ran sit ion 
Temp. 

OK 

45. 0 
45. 0 

Eutectic 
F. P. 
OK 

43. 5 
42. 4 
43. 3 
43. 4 
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GLOSSARY 

P = vapor p r e s s u r e  s =  
L = latent heat L =  
R = gas constant e =  
T tempera ture ,  OK f =  

1 =  
o =  

SUBSCRIPTS 

solid s ta te  o r  sol id-gas  transit ion 
liquid s ta te  o r  l iquid-gas transit ion 
evaporation 
fusion 
solution 
freezing point of pu re  solvent 

B 
i 



I' 95. 

I 

REFERENCES 

1. 

2. 

3. 

t 
I 

, 

i ,4* 

5. 

6. 

7. 

8. 

Levy, J. B. and Copeland, B. K. W . ,  J. Phys.  Chem.,  5, 2156, 1963, - 69, 408, 1965. Brokaw, R. S . ,  Ibid., 69, 2488, 1965; 69, 2808, 1965. 

Cady, E. C. and Black, W. G . ,  Personal  Communication, March 1966. 

Solomon, W. C . ,  e t  al ,  Exploratory Propellant Chemistry,  Semiannual 
Report ,  Air Fo rce  Rocket Propulsion Laboratory,  Edwards,  California, 
AFRPL- TR- 66- 238, October 1966. 

Glasstone, S . ,  Textbook of Physical Chemistry,  D. Van Nostrand & Go. , 
New York,  1940, Chapter X. 

Jih-Heng, H., White, D. ,  and Johnston, H. L . ,  J. Am. Chem. SOC.,  15, 
5642- 5, 1953. 

Powell, R. O., Bunch, M. O . ,  and Corruccini,  R. J . ,  Cryogenics,  2, 
139-50, 1961. 

J a r r y ,  R. L. and Miller,  H. C., J. Am. Chem. Soc.,  78, 1553, 1956. 

Anderson, R . ,  Schinzlein, J. G . ,  Toole, R. C . ,  and O'Brien,  I. d . ,  
J. Phys. Chem.,  s, 473, 1952; Ruff, 0. andMenze1, W . ,  Z. Anorg. 
Chem.,  198, 39, 1932. 

, 

h 

b 



Stirring 
Solenoid 

LHe 7. 

96. 

Thermocouple Vat. Vac 
Leads c20. r 

F 2  and OF2 . 
Cas Cylinders 

----c To High Vacuum 

Cryostat 

Silvered 
Exc ep tfo r 
Viewing 
Strip 

1 

Y 
i 
(i 

I 

I 

I 
I 

I 
1 

i 

Figure 1 .  Freezing Point Apparatus 
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Figure 2. Freezing Point Apparatus 
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Figure 4 .  Phase Diagram, O F 2 - F z  


